Abstract. Pituitary organogenesis is modulated by temporal and special expression of various genes at the fetal stage. Suppressive subtraction cloning was employed to search for genes expressed during porcine fetal pituitary development. The variations in the genes expressed in the pituitaries on fetal days 40 and 110, respectively, were analyzed by subtraction with the inverted combination. Genes encoding growth arrest specific-2, coated vesicle membrane protein, steroid membrane binding protein, putative protease cancer tumor suppressor, secretogranin, calumenin and others exhibited elevated expression during pituitary development, in addition to genes encoding GH, prolactin and glycoprotein hormone common α subunit. Concomitantly, we also found a gene that encodes a porcine ortholog of c-myc transcription factor and determined its entire nucleic acid sequence. On the other hand, histone H3.3B, GTP-binding α-stimulatory subunit, stathmin and others were found as gene expression decreased. Thus, the expression levels of many genes change during pituitary development.
e previously demonstrated by in situ and northern blot analysis that the expression of porcine pituitary hormone genes starts sequentially in unique hormone-producing cells during the fetal period [1] [2] [3] . Pituitary development is programmed by several transcription factors, which temporally and spatially appear to differentiate and develop the five types of hormone producing cells by regulating the expression of several genes crucial for pituitary organogenesis and function. Accordingly, analysis of the ontogeny of genes expressed in the pituitary may provide valuable information for understanding the molecular events in this tissue. Suppressive subtraction cloni n g [ 4 -6 ] i s a n i n f o r m a t i v e a p p r o a c h f o r determination of significant genes that have a biological response by subtraction among tissues/cells under different conditions. In this study, we employed this method for the porcine pituitary cDNAs of male fetal day 40 (f40) and f110 pigs by subtraction with the inverted combination. We found several genes that exhibited elevated and reduced expression on f40 and f110, in addition to genes encoding GH, prolactin and glycoprotein hormone common α subunit, which exhibited increased expression.
Materials and Methods

Preparation of total RNA and cDNA synthesis
Total RNAs were extracted from porcine male anterior pituitaries collected from f40 and f110 German Landrace pigs, an then cDNA synthesis was performed as described previously [5] .
Suppressive PCR subtraction cloning
Using a PCR-Select cDNA Subtraction Kit (BD Bioscience Clontech, Mountain View, CA, USA), tester and driver cDNAs were digested with RsaI, and a specific set of primers was ligated to an aliquot of the digested cDNAs for tester DNA. Suppressive subtraction was performed according to the manufacturer's instructions. Subtractive collection of the genes (Sub-110/40) with elevated expression on day 40 and 110, respectively, was performed with a combination of primer-ligated cDNAs for f110 (tester DNA) and the excess amount of non-ligated cDNAs for f40 (driver DNA). This was followed by hybridization and polymerase chain reaction (PCR) using specific primer sets. Similarly, the genes (Sub-40/110) whose expression reduced during the pituitary development were collected and amplified with an inverse combination of the cDNAs. The amplified subtracted cDNAs were then ligated into the SmaI site of pBlueScript II SK(+) vector (Stratagene, La Jolla, CA, USA). DNA samples were prepared by the alkaline minipreparation method, and the fluorescence labeled dye-terminator reaction was employed. Nucleotide sequences were determined with a DNA sequencer (ABI 310; Perkin Elmer Cetus, Foresty City, CA, USA) and analyzed with a BLAST search to identify their homologous genes.
Results
Suppressive subtraction
Polyacrylamide gel electrophoresis of Sub-110/ 40 (increased during pituitary development) and Sub-40/110 (decreased) produced a different pattern of amplified genes, indicating the success of the present subtraction approach (Fig. 1) .
We collected a total of 238 and 212 clones for Sub-110/40 and Sub-40/110, respectively, and analyzed their nucleotide sequences. Their sequence data were subjected to a homology search using the BLAST program, and the name of the corresponding homologous genes and their accession numbers are listed in Table l. The following genes were identified in a number of Sub-110/40 clones,: growth arrest specific-2 (31 clones), coated vesicle membrane protein (26), ribosomal protein L23 (17), steroid membrane binding protein (15), putative protease cancer tumor suppressor (9), small nuclear RING finger protein (9) and secretogranin (7). In addition, three hormone cDNAs, GH (4), glycoprotein hormone α subunit (4) and prolactin (3), which start to express during development, were identified as expected. We were interested in c-myc transcription factor (2 clones) and examined whether it participates in the regulation of hormone gene expression, since its function in the pituitary remains unclear. We therefore cloned and determined its entire open reading frame. The porcine c-myc transcription factor encodes a total of 152 amino acids (GeneBank accession no. AB292846) and is highly similar to Gene name and accession number are indicated together with the number of clones found. Asterisks (*) indicate clones found in both subtractions. (A) Sub-110/40: Genes whose expression levels were elevated during pituitary development. (B) Sub-40/110: Genes whose expression levels were decreased during pituitary development.
the human homologue (Fig. 2) . We conducted a preliminarily examination of the regulatory effect of c-myc transcription factor on the expression of pituitary hormone genes (GH, prolactin, glycoprotein hormone common α subunit, FSHβ subunit and LH β subunit, the promoters of which were fused with a reporter gene [7] ) using a pituitary immortalized cell line, and this factor did not have any effect on the expression of hormone genes (data not shown).
On the other hand, the Sub-40/110 clones were mostly different from those in Sub-110/40. Histone H3.3B (91 clones), GTP-binding α-stimulatory subunit (26) and stathmin (14) were especially remarkable. Three clones, mitochondria DNA, beta actin and ribosomal protein L11, were found in both samples from among the 71 types of cDNAs identified in the two mutual subtractions.
Discussion
Suppressive subtraction was successively performed for porcine fetal pituitaries between f40 and f110 as indicated in detail in Table l . Most of the clones identified exhibited an exclusive distribution, either in Sub-110/40 or Sub-40/110, except for 3 clones that were present in both subtracted clones. One explanation for why particular cDNAs were present in both fractions is that the abundant presence of mRNA caused insufficient subtraction of tester DNAs with driver DNAs. Nevertheless, this study exhibited an interesting profile of gene expression during pituitary development. The detection of cDNA for three hormones demonstrates the success of this subtraction.
It is notable that cDNAs belonging to the functions of transcription, membrane signaling, secretion and cell growth were identified in the Sub-110/40 clones, although most of their roles during pituitary development remain to be clarified. In the course of this study, we cloned the porcine ortholog of c-myc transcription factor and demonstrated that it had 98% identity with that of human [8] . Since c-myc transcription factor is known to activate the c-myc gene, we attempted to conduct a preliminary examination of its transcriptional ability for pituitary hormone genes but failed to observe activation. Its function in the pituitary should be determined in future study.
On the other hand, the Sub-40/110 clones exhibited a different profile of genes than the Sub-110/40 clones. A number of clones for histone H3.3B (known to be upregulated during differentiation [9] ), GTP-binding α-stimulatory subunit (an activator of cAMP-producing adenyl cyclase [10] ) and stathmin [11] were identified, indicating that these genes play roles in pituitary development earlier than f40. Notably, stathmin is known to be phosphorylated GnRH-dependently during the exponential phase of cell growth [12] . These genes, which decreased in expression during days 40 and 110, respectively, may play important roles in the early stages of pituitary organogenesis, and they remain to be clarified.
In summary, this study revealed that fetal pituitary development and acquisition of a hormoneproducing mechanism are accompanied by variation in the expression of many genes important for a variety of functions. Further elucidation of the role of each gene presented in this study may provide clues for better understanding of the molecular process of pituitary development.
